Purpose To investigate the clinical course and changes of refractive status in infantile-onset myopic children who received fully corrected glasses and to determine their visual prognosis. Methods In all, 57 children with infantileonset high myopia (spherical equivalent over À5.0 D prior to the age of 5 years) were included in this study. All children received initial full-correction glasses at the mean age of 3.52 years. The cycloplegic refraction, axial length, and the best-corrected visual acuity were collected every 6 months. The mean follow-up time was 9.36 years. Results We noted that the tendency toward progression or regression of myopia appeared to be related to the degree of refractive error. Lower grades of high myopia (À5.0 to À7.75 D) showed a greater tendency to progress than those of the highest initial myopic refraction level (rÀ11.0 D). While the latter group exhibited a more-substantial regression rate than those cases of the lower initial refraction level. About 80% of infantile-onset high myopes demonstrated a final best-corrected vision of greater than 20/40, with 37% of children revealing a best-corrected vision level even better than 20/25. Conclusion Clinical course of infantile high myopia is different to school myopia. Usually, higher degree of high myopia showed a stable state of myopia, or even possible regression, whereas the lower grades of high myopia revealed a strong tendency to progress.
Introduction
A rather high prevalence of school myopia is a significant public-health problem in many countries today, especially in Asia. [1] [2] [3] Typically, juvenile-onset school myopia reveals myopic progression after the onset of the myopia. [4] [5] [6] School children who appeared to be more myopic at the beginning were found to exhibit a more-rapid myopia progression rate. 7 However, the clinical course of infantile-onset myopia would appear to be somewhat more mysterious and less discussed in the literature.
Usually, congenital myopia has been suggested to be represented by a generally stable refraction status. [8] [9] [10] In addition, infantileonset high myopia may be one factor related to the development of ambyopia; thus, it is interesting and appears very important to investigate the visual prognosis of infantileonset myopia and to find the associated timerelated refractive changes. The generally used criterion for the diagnosis of congenital myopia is myopia of a high degree, greater than or equal to À5.0 D, in a child of six years of age or less. 11 Owing to the relative severity and prevalence of myopia in Taiwan being more substantial than most other countries, we decided to collect data pertaining to infantileonset myopic children based on the criterion of a spherical equivalence of greater than À5.0 D for a child prior to the age of five years. The principal goal of this study is, using a longitudinal study, to determine the clinical course of infantile-onset myopia.
Materials and methods
We used clinical records deriving between 1989 and 2002 inclusively as generated at the high myopia clinic of the National Taiwan University Hospital. Only those without any ocular or systemic disease associated with high myopia, 12, 13 such as Stickler or Marfan syndrome or history of prematurity, 14 were eligible. A total of 57 myopic children featuring a spherical equivalent of over À5.0 D prior to the age of 5 years were recruited for this study. Table 1 reveals the baseline data. From the time of investigation, all children were followed up at the clinic every six months until they were more than 12 years old. The mean initial refractive error was À10.55 D (À5.25 to À13.63 D). All patients received their first pair of fully corrected glasses at the mean age of 3.66 years (1.8-5.5 years). The mean follow-up time was 9.36 years (8.2-11.9 years).
All children underwent a complete ophthalmological examination at their initial visit and semiannual visit, including a slit-lamp exam, best-corrected visual acuity testing, cycloplegic refraction assessment, fundoscopy, intraocular pressure examination, and biometric axial length determination. The cycloplegic refractive status was measured using an autorefractometer (Topcon RM-3000, Tokyo, Japan). The cycloplegic refraction was measured 30 min after the final of three successive drops of 1% tropicamide was instilled into the eyes at 5-min intervals. All values of the refractive status were rechecked by senior ophthalmologists using a retinoscope. Biometric axial length (including anteriorchamber depth, lens thickness, and total axial length) was measured using A-scan ultrasonography (Sonomed Ultrasound A-1500).
The difference between each group was checked by means of one-way analysis of variance (ANOVA) and the difference between two groups was tested using multiple-range tests, and the Turkey B-test. An independent Student's t-test was used to compare the difference between baseline data between girls and boys. A P-value less than 0.05 was considered to represent statistically significant difference. All data presented in tables are presented as group means7SD.
Results
Since we found no significant difference in baseline data between girls and boys, we therefore divided all myopic children into one of three groups according to the severity of the initial myopic refraction: Group A (À5.0 to À7.75 D; n ¼ 15), Group B (À8.0 to À10.75 D; n ¼ 20), and Group C (rÀ11.0 D; n ¼ 22). We also noted that there was no significant difference in the age at which glasses were initially fitted and no difference in the age of child at final follow-up between three groups (P40.1; Table 2 ).
We found that the mean myopic progression rate for the children of Group C (À0.0771.38 D/year) was significantly slower than those values of Group B (À0.2171.56 D/year) and Group A (À0.4771.33 D/year) using ANOVA (Po0.05). Further, the mean axial length elongation for the children of Group C (0.0970.39 mm/ year) was also significantly less than those values for Group B (0.2270.38 mm/year) and Group A (0.3170.27 mm/year) (Po0.05).
If we considered the entire study suite of infantileonset myopia individuals, we found that 45% of these children showed either binocular progression or monocular progression, around 23% of children showed binocular stability, and 32% of children showed either binocular or monocular regression (Table 3) . We found that children with a lower initial refractive level (Group A) reveal a greater proportion with myopic progression, either binocular or monocular, than did the children with higher level of myopic refraction initially (Groups B and C; Po0.05). By contrast, children who featured a greater initial myopic refraction level (Groups B and C) did also exhibit a greater stability rate and even regression than .05) . The increase of axial length in the eyes with myopic progression (0.3970.12 mm/year) was greater than those eyes with myopic regression (0.0570.04 mm/year) or myopic stability (0.1470.09 mm/year) (Po0.05). We also noted that those eyes featured a relatively stable level of myopic refraction and even regression of the myopia still did show some increase of axial length.
As Taiwanese people reveal a greater prevalence of myopia than most other countries, we were not surprised to find that most of the parents were myopes, although we did note that the proportion of children featuring binocular regression and whose parents both exhibited myopia (27.3%) was substantially lower than those of the children exhibiting binocular myopic stability (53.8%) or progression (60%). In addition, children featuring binocular regression with either parent revealing high myopia did constitute a lower proportion of the test population (18.2%) than those of the children revealing binocular myopic stability (30.8%) or progression (40%) ( Table 4) .
For the final best-corrected visual acuity, most of the children (82.4%) revealed a visual acuity better than 20/40, while 36.8% of children demonstrated vision was even better than 20/25 (Table 5) . Further, the proportion of children from Groups B and C revealing a final visual acuity of less than 20/40 was significantly greater than was the case for Group A (Po0.05). We also observed that the proportion of children featuring one high myopic parent was similar among the three groups (P40.1).
Discussion
In this study, we found that the mean myopic progression rate for lower grades of high myopia (À5.0 to À7.75 D) was more rapid than those of the higher grades of high myopia (À8.0 to À10.75 and rÀ11.0 D). The ocular axial length elongation was also compatible with the myopic progression rate, higher levels of high Table 3 Changes of myopic refraction of children with infantile-onset high myopia myopia revealed a lower level of axial elongation than those of the lower grade of high myopia. These results were different to the course of school myopia. School myopia usually shows myopic progression after onset, the average rate of progression of myopia for a Singaporean study was À0.60 D/year. 5 These rates appear to be slightly greater than the average rate of progression of myopia of À0.46 D/year as reported for Hong Kong children aged between six and 17 years. 6 In our study, we also found that 45% of studyparticipating children revealed either binocular or monocular progression, around 21% of children demonstrated binocular stability, and 32% of children exhibited either binocular or monocular regression. Infantile-onset myopia has frequently been suggested to represent a generally stable refraction status. [8] [9] [10] We did note that the tendency toward myopic progression or regression appeared to be related to the degree of refractive error present. Myopic regression appeared to be most evident at the highest refraction levels. From such observations, we suspect that infantile-onset myopia is likely to demonstrate its own course.
In contrast, Blach 10 reported that neonatal-onset myopia was much more likely to progress than it was likely to remain stable (4.7 : 1). Gambel 15 reported myopic regression for 38% of studied eyes, although myopic progression was seen more frequently in this study (48%). Further, from a study 16 of 150 Russian children suffering from infantile-onset myopia, 57% of study-participating children revealed myopic progression while the remainder exhibited stable refraction. Therefore, we thought that although ocular stability may be relatively common in the early years of life for infantile-onset myopic children, but a number of the eyes studied herein demonstrated increases in myopia that appear to be similar to the changes noted in the longitudinal refraction follow-up studies of Hiatt et al 9 and Blach. 10 In a similar study 11 at the myopic clinic of the Manhattan Eye, Ear, and Throat Hospital, a group of 67 patients suffering from infantile myopia established by the criteria of earlyhistory myopia of 5 D or more were followed-up for 4 years, approximately half of patient revealed binocular progression of their myopic status.
Clearly, we are left with the question of why higher level of infantile-onset myopia patients tend to exhibit a slower rate of myopic progression and why infantileonset myopia may, for some individuals, show myopic regression? Hereditary [17] [18] [19] [20] [21] [22] and environmental [23] [24] [25] factors have been postulated to be responsible for myopia and myopic progression. Our study found that the incidence of children who revealed myopic progression or stability, or even regression may be related to whether or not their parent(s) suffered from myopia. The incidence of children featuring binocular regression and who had both parents suffering from myopia was lower than was the case for children who revealed binocular myopic stability or progression. Further, we did observe a smaller proportion of children exhibit binocular progression with their parents having a history of high myopia than those cases of children who featured binocular myopic stability or regression. Hiatt et al 9 also noted that patients who featured a family history of myopia were more inclined to show myopic progression (66%) than those who were without (54%).
We also confirmed that increase in axial length of eyes undergoing myopic progression in this study. Surprisingly, those eyes revealing stable refraction levels and even some featuring regression of the myopia still showed some increase in axial length in our study. We thought that this slight increase in axial length would likely be the normal growth rate of an eyeball during an individual's development. Therefore, we suspected that full correction of refractive errors at early life may elicit a clear image for the individual, and that this might halt the progression of myopia due to the inhibition of the normal growth of the eyeball, 26 as well, the results of several animal studies using species such as chicks, [27] [28] [29] tree shrews, 30, 31 and monkeys 32 also indicated that form-deprivation myopia may be counterbalanced by the application of relatively short daily periods of unrestricted vision. However, the comprehension of the mechanism of myopic regression clearly needs to be explored by further study.
From the results of our study, it was apparent that more than 80% of infantile-onset high myopic children revealed a best-corrected visual acuity of greater than 20/40. Around 37% of study-participating children revealed their best-corrected visual acuity achieved a level of 20/25. It would thus appear that the lower grades of high myopia would be associated with a better visual prognosis than those cases for a higher grade of high myopia. In summary, clinical course of the infantile high myopia is different to the school myopia. Usually, higher degree of high myopia showed a stable state of myopia, or even possible regression, whereas the lower grades of high myopia revealed a strong tendency to progress.
